Introduction
decontamination of fresh produce such as lettuce, tomatoes and strawberries (Ziuzina et al., 56 2015; Misra et al., 2014; Ziuzina et al., 2014) as well as almonds, seeds and spices (Ling et 57 al., 2015; Kim et al., 2014; Niemira et al., 2014) . Thus ACP has potential for control of meat 58 surface and meat processing surface contaminants and investigating the susceptibility of key 59 spoilage micro-organisms such as B. thermosphacta is necessary to develop applications.
60
Cold plasma comprises of a partially ionized gas which consists of electrons, ions (positive & 61 negatives ions) and also neutral species including molecules in excited and non-excited state 62 (Misra et al., 2011; Bazaka et al., 2011) . Several physical and chemical reactive species 63 involved in bacterial inactivation are generated within cold plasma; these species include 64 reactive oxygen species (ROS), reactive nitrogen species (RNS), ultraviolet radiation (UV) and charged particles (Gaunt et al., 2006) . Identified ROS involved include ozone, singlet 66 oxygen, nitric oxide, hydroxyl radicals, hydrogen peroxide, and superoxides (Fridman, 2008) .
67
These have cellular interactions at the bacterial cell wall and membrane thus causing damage 68 to proteins, nucleic acids and surface cell lesions (Han et al., 2015; Green et al., 2012; 69 Laroussi et al., 2003) .
70
This study examines the potential control of B. thermosphacta as a key spoilage micro-71 organism of fresh meat using high voltage ACP. Planktonic as well as biofilm challenges 72 prepared on abiotic and meat surfaces were exposed to plasma reactive species to evaluate the 73 potential efficacy against the likely modes of contamination in meat and processing plants. 74 In-package treatment provides the dual advantages of mitigating against recontamination or 75 cross contamination events within processing and compatibility with the widely applied meat Spain) supplemented with 0.01M CaCl 2 at 26˚C for 48h before storage at 4˚C.
88
Working culture (planktonic bacterial cell suspension) was propagated overnight in 12% Beef
89
Extract broth (BE, Scharlau Chemie, Barcelona, Spain) at 26˚C for 18h. Cells were then 90 centrifuged at 10,000 rpm for 10 min and the cell pellet was washed and re-suspended in 10 91 ml of phosphate buffer solution (PBS, Oxoid LTD, UK). The final bacterial cell density was 92 adjusted to 10 7-8 CFU ml -1 in PBS, 3% or 12% BE.
93
For biofilm formation, the bacterial suspension (200µl) at a concentration of 1.0 x 10 7-8 CFU 
In package Plasma treatment of biofilms

119
Brochothrix biofilms grown for 48h on micro-titre plate were ACP treated at 80kV for 60, 120 120 or 300 s, using air as the inducer gas. Samples were subjected to post treatment storage 121 for 24h and efficacy was evaluated using plate count and XTT assay. 
Raw Meat Challenge study
123
Bacteria were cultivated using 12% beef extract broth and incubated overnight. Overnight
124
culture was centrifuged at 10,000 rpm for 10 min and the cell pellet was washed thrice with 10 ml of sterile PBS. The pellet was re-suspended in sterile PBS and bacterial density was 126 adjusted to 10 7-8 CFU ml -1 . were further incubated until 72h and checked for the presence of colonies every 24h.
163
The effect of the ACP treatment on biofilm metabolic activity was determined using XTT Bacterial community profiling was performed on the same meat samples which were used for 185 the shelf-life study. To this end, homogenized samples, which were used for determination of 186 the background microflora using plate count assays, were frozen at -20°C until further use.
187
The procedure for isolation of bacterial DNA from meat samples was optimized from 
248
Greater inactivation was observed with increasing voltage and post treatment storage time.
249
A nutritive environment offers protection against inactivation by ACP
250
The inactivation of B. thermosphacta was investigated in meat model medium (Fig. 3 , Table   251 2). Plasma treatment was performed in a liquid meat model which was composed of 3% beef 252 extract. Samples were treated with direct plasma discharge at 80kV with 24h post treatment 253 storage period at 26°C. developed with increasing nutrient content and incubation periods (Fig.4) . All in vitro assays, 
Biofilm monitoring by Crystal violet (CV) assay
268
The results demonstrated low biofilm formation after 24h of incubation while the biofilm 269 forming capacity was increased up to 48h (Fig. 4) formation observed for bacteria grown in 1.2% and 0.5% beef extract broth (Fig. 5) . No 276 biofilm was detected in the negative control wells which only contained culture media. 6) and residual metabolic activity using XTT assay (Fig. 7) .
282
Biofilm population of B. thermosphacta was significantly reduced (p ≤ 0.05) from Log 8
283
CFU ml -1 to 4 ±0.6 Log CFU ml -1 after 60s of ACP treatment. Prolonging the ACP treatment 284 time to 120s further reduced populations to 3±0.1 Log CFU ml -1 ; however, there was no 285 further significant effect of extending treatment to 300s (Fig. 6 ).
286
XTT assay was carried out immediately post ACP treatment and 24h PTST (Fig. 7) . The 287 ACP treatment of 80kV for 60s and 120s reduced the bacterial metabolic activity by 35% and 288 52% respectively. However, no further reductions were observed after prolonging the 289 treatment time to 300s, indicating a significant retention of metabolic activity. (Fig. 9a) . A difference of Log 10 0.2-0.4 CFU ml -1 was maintained between the 310 control and the treated samples up to the end of the storage time (p <0.05 on day 0, 4 and 7).
311
As demonstrated by enumeration on STAA selective agar plates, B. thermosphacta subjected 312 to ACP treatment showed an initial reduction of 1 Log 10 CFU ml -1 , however with longer 313 storage periods the remaining bacterial population did grow to levels similar to untreated 314 samples (Fig 9b) .
315
Both ozone and carbon monoxide concentration were measured inside the trays immediately 316 after treatment and after post-treatment storage ( , 1996) and is known to cause significant meat spoilage (Ercolini et al., 2006) .
346
Atmospheric Cold Plasma as a novel technology can be designed for flexibility in application 347 point and therefore may be incorporated into food or food environment decontamination 348 systems, but requires risk specific evaluation. Therefore in this study we examined the 
